The biotransformation of chrysin was investigated using cultured plant cells of Eucalyptus perriniana as biocatalysts. Chrysin was glucosylated to chrysin 7-O--D-glucoside and chrysin 7-O--gentiobioside.
Cultured plant cells are ideal systems for studying the biosynthesis of secondary metabolites such as flavors, pigments, and agrochemicals. Additionally, the biotransformation of exogenously added organic compounds has been investigated as a target in the biotechnological application of cultured plant cells. The reactions involved in the biotransformation of organic compounds by cultured plant cells include oxidation, reduction, hydroxylation, esterification, methylation, isomerization, hydrolysis, and glycosylation [1] . Since a one-step glycosylation by cultured plant cells is more convenient than chemical glycosylation via tedious steps such as protection-deprotection of the hydroxy groups of the sugar moieties, it has been the subject of increasing attention. Glycosylation occurs readily in plant cells, i.e., many kinds of secondary metabolites such as saponins and anthocyanins are produced in the form of glycosides in higher plants and most of them are accumulated in the vacuole of cells. Many of these secondary metabolites have specific physiological activities and have been widely used in folk medicines [2] . Therefore, the glycosylation of organic compounds by cultured plant cells is of pharmaceutical importance. Although studies on glycosylation of polyphenols have been reported [3] [4] [5] [6] [7] [8] [9] , there are few reports on glycosylation of chrysin. Herein, we report, for the first time, the glycosylation of chrysin by cultured plant cells of Eucalyptus perriniana.
Chrysin (1) was incubated in conical flasks containing suspension cell cultures of E. perriniana at 25°C for 3 days on a rotary shaker, after which the cells and medium were divided by filtration. Compounds 2 and 3 were isolated from MeOH extracts of the cells. The chemical structures of the products were determined on the basis of their spectral data of FABMS and NMR. Compound 2 was identified as chrysin 7-O--D-glucoside (2). The 1 H NMR spectrum of compound 3 showed signals for anomeric protons at  4.19 (1H, d, J=8.0 Hz) and 5.12 (1H, d, J=6.8 Hz), suggesting the presence of two -anomers. The 13 C NMR spectrum of 3 included anomeric carbon signals at  99.5 and 103.4. On the basis of the chemical shifts of the carbon signals due to the sugar moiety, this was determined as -gentiobiose. Thus, compound 3 was identified as chrysin 7-O--gentiobioside. The time-course of the glucosylation of chrysin (1) by cultured cells of E. perriniana cells was examined to investigate the biotransformation pathway of chrysin (1) in the cells. As shown in Figure 1 , chrysin (1) was transformed to its 7-O--D-glucoside (2) in the early stage of the incubation. Further glucosylation of 2 gave chrysin 7-O--gentiobioside (3) . Recently, we reported that cultured plant cells of E. perriniana could be good biocatalysts that glucosylate exogenously added phenol compounds to give their gentiobiosides [10] . The present results indicate that cultured E. perriniana cells can glucosylate flavonoids to the corresponding gentiobiosides.
Thus, it was demonstrated that cultured plant cells of E. perriniana can glycosylate chrysin to its 7-O--D-glucoside and 7-O-gentiobioside. The present method is useful for the practical preparation of water-soluble derivatives of chrysin, and is environmentally friendly. Purification of the glucosyltransferases which catalyze the biotransformation of chrysin is now in progress in our laboratory. methanol/H 2 O/acetic acid=40/60/0.1; flow rate: 1 mL/min). Chrysin used as a substrate was purchased from Wako Pure Chemicals Co. and was used without further purification. The cultured plant cells of E. perriniana were sub-cultured at 4-week intervals on solid MS medium containing 2% glucose, 1 ppm 2,4-dichlorophenoxyacetic acid, and 1% agar (adjusted to pH 5.7) in the dark. A suspension culture was started by transferring 20 g of the cultured cells to 300 mL of liquid MS medium in a 500 mL conical flask.
Biotransformation procedure: The suspension plant cells were incubated in 300 mL conical flasks for 3 weeks. The cultured cells in the stationary growth phase were used for experiments. After the cultivation period, 0.1 mmol of the substrate was added. The transformation was performed by incubating the mixture at 25°C on a rotary shaker (70 rpm) for 3 days. The culture medium and cells were separated by filtration. The culture medium was extracted with ethyl acetate. The cells were extracted (x3) by homogenization with methanol. The methanol fraction was concentrated and partitioned between H 2 O and ethyl acetate. The ethyl acetate fractions were combined, concentrated, and analyzed by HPLC. The H 2 O fraction was applied to a Diaion HP-20 column and the column was washed with H 2 O followed by elution with MeOH. The MeOH eluate was subjected to HPLC to give the glycosylated product. The yield of product was determined on the basis of the peak area from HPLC using a calibration curve prepared with authentic glycosides.
Time-course experiment:
Thirty g (fresh weight) of the suspension cells was partitioned into each of 5 flasks containing 100 mL of medium. Substrate (16 mg) was administered to each flasks and the mixtures were incubated on a rotary shaker at 25°C. At a proper interval, one of the flasks was taken from the rotary shaker, and the cells and medium were separated by filtration. The extraction and analysis procedures were the same as described above. The yield of the products was determined on the basis of the peak area from HPLC using calibration curves prepared with authentic glycosides. 
